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,54>n.le: REAGENT BOTTLE IDENTIFICATION AND REAGENT MONITORING SYSTEM FOR A CHEMICAL AN- 
ALYZER 



(5~) Abstract 

An automatic chemical analyzer atiiizes 
reagent": -jppliec in reagent bottles -2:.). Tne 
reaeent bottles i'2f) are labeled on the:: oottom 
surfaces with an identification label (32:) bear- 
ins a machine-readable identification code 
(326. 32". 328). Tne automatic chemical analyz- 
er includes a reagent tray i 15) having a plurality 
of tray apertures (1 32, 133' therein which re- 
ceive coded r eagent bottles '25) and which ex- 
pose tne bottom" surface of each bottle for opti- 
cal viewms of the machine-readable identiixa- 
:icn coce. Tne analyzer further includes optxai 
scanner means '332) positioned below ;he ^ea- 
gent trr*. 15'j for reading the machine-readable 
identification code on tne bottom surfaces of 
reagent ootties -;2f ) within the tray apertures 
-'132, 133 Tne trav apertures are seiecv.ve!> lo- 
cated over tne optical scanner means ■ 3322 1 so 
that tne analyzer can identify the reagent bottle 
'25 i arc me contents thereof. Tne identification 
labe: .'32: 1 has a spaced pair of position refer- 
ence ecu :326. 32"'*' defining and orienting a 
iabei area. A plurality of bit fields surround the 
position -eferer.es cots i. 326, 32T. their posi- 
tions beirs defined by the position reference aots 
• f cation :oce. Bits cots ;32S) are prime: m seiecte 
:ation coce. 


m • 




326. 32~ 

: bit feic. 


Each on fie.d mans to a ^;ni 
to def; ne the binary value o! 


::e bit J a muiti-oit binary bet: 
eacn bit of the multi-bit binary 
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DESCRIPTION 
Reagent Bottle Ident ification and Reagent 
x l2Z!ll£I jn a System for a Ch e mical Analvzer 

Technical Field 

5 ^closure pertains to conical chemistry analyzers. It specifically pertains to an 

identification system for regent bottles used in conjunction with the testing instrument, 
including machine-readable labels affixed to the bottles. 
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Rack ground Art 

Automated analvzers have been developed for biochemical analysis of patient 

equipment available today ts large, complicated to operate, and high in cost. 

Operating such equipment is technically complicated. It typically requires specialized 
operators to be alwav, available. It is usually designed for use by large laboratories servrng 
15 a wide eeograph.c area or by a large medical facility. Existing analysers normally carry out 
tests in a defined sequence designed for efficient, high volume usage. 

Such lar 2 e scle capacitv is not always required. This is particularly true ,n smaller 
m ed,cal clinic settings where large volumes of b.ood sample tests are not required on a daily 
basis. 

-me present chemical analvzer meet, the practical needs of smaller medical settings. 
It is a desk-top unit that can be operated without specialized laboratory training. Its capacity 
is adequate for meeting typical clinical apoiications. 

The compact nature of the analyzer can be partially attributed to a single prooe arm 
and pipette serving all of the functional liquid-handling components included within it. Tne 
pipette is used for transferring both samples and reagents, as well as for diluting liquids as 
needed bv particular tesi reau.remenis. 

To obtain lame volumes of .est,, conventional laboratory anataen are programmed 
to conduct test procedures in a fixed sequence of events. ** predetermined rest 
seunences are pracrical in h.gh volume chemical analvzer appl.cat.ona, there is a nee. or 
more tedbie operar.cn when scalrng such rest procedures to meet the needs ot smaller 

medical facilities. . . 

Tne automated controls for the present chemical analvzer mrn.mize opezator tra.n,n = 
anu recurred « levels. Reagent nettles are autcmat.cai, read and identified by appuee 
computer ooded labels. Sample and rongeur senatng that occura ati.omat.cally du..n = 
ooerarion of the analvzer notif.es the operaror of oeo.ered i.nu.d condrt.ons as rnev occur. 


Further details will be clear from the following description. 


Brief Desc rir* : "" " f the Drawings 

I 7n. of the invention is illustrated in the accompanying 

The preferred embodiment ot the mvenuuu 

drawings, in which: . . 

• arrive view of the principal components in the analyzer; . 
Fig. 1 is a diagrammatic perspective view 01 LUC F r 

Fig. 2 is a perspective view of the analyzer; 

Fie 3 is a plan view of the chemical instrument enclosure; 

F f, 4 is a plan .ew of the chemical instrument enclosure with the cove: remove. 

Fie. 5 is a front elevation view of the enclosure; 

Fig. 6 is a plan view of the assembled sample/reagent tray; 

Fig. 7 is a sectional view taken along line 7-7 in Fig. 6; 

Fia 8 is a plan view of the reagent tray. 

Fig. 9 is a side elevation view of a cup segment removed from the tray; 

Fig. 10 is a plan view of the supporting platform well; 

Fig 11 is a bottom view of a labelled bottle; 

Fig V is a similar view, showing the label encoding pattern; and 

Fig. 13 is a diagrammatic view of the label reading equipment in a chemical 

instrument 

Rest Modes for c sni^z^tjM2ir^n^ 

sysum zz^ «*- — ■» » M) fad t : 

turned U rotatabK- mounred abou. a firs, veruea, aans. Disposab.e cuvertes 10 ar 
LbK- mounted ,o .be — U. A mo.or la ***** CD .be turntable 11 

. slat , ona „ ^ posuion abou, ,e ««, - - • — 10 

a ouveue aoeoss ,a„o» , or P , .urns h abou. the first adds w M e moana or «™« 
contents of cuvettes mounted to it. 

An opbca, sva.em » pro*, adjacent :o rhe ruro.ab.e 11 ^ resra 
, on rhe contends of the eovef.es 10 aa they rotate about the rumtab.e «. 

A sampler^, tray 15 „ rotarab, mounted abou, a ver-.,ea, » ^ » » 

soaced from the of turrrrabie 11. It » ^ * ' "^.^L^ 

.'. ^ of a ctrcular reagent bo.do support surrounded by separate ,nre..o. t-n 
.. consrsrs o. reaeenis and samples 

seamenrs 26. Tne removable nng segments _o are use. 
,. Juueb for assay nrocenures dunn.g operanon of nhenustry tnsrnamen, - 
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Trav 15 supoorrs a plural.ry of liquid contain, namely the reagent bonier 25. open 
cnpr 35 and open weils 36. The interchangeable nng segments 36 have two alternate 
configuration, One tneiudea apertures for removably supporting individual sample cups a5. 
The other includes a plurality of integrally molded sample wells 36. 

The indrarduallv removable cups 35 serve as conra.nem for rear samples supplted « 
.he insrrumenr 2a by the operaror within one or more cups warhin a rang segment 6^ 
Wens 36 are oaed by the ins.run.en, component in conjuncrton with operahon of prob 
ara 17 for ah q uo.nog of samples from a draw rube and for sample dilution purposes^ 
probe arm 17 can select.ve.y transfer liquids from one well 36 ro a secrond well a6. from 
,0 eup 35 ro a well 36, or from a reagent bottle 25 ro a well 36. 

Access to rhe sample/reagent may 15 b provided by a hinged tray access ever 
formed in rhe enclosure cover 34. More Wed manna, access ro a srngle nng segment . 
located a, the fron. of the chetnisrry msmumenl 2a is provided by a hinged segment access 
port 7, which is a sub-assembly of cover 8. 

A srepper motor 16 can be operated to rude* sample/reagen. tray 15 ro a selected 
postrion about Us *os wirh one or more selecred confers a, one of four conrainer access 
Ions sbowm in F,g. 3 a, ,oca.,ons C., C, C, C 4 on the enutpmen, framework Each 
M n,a.ner access s.auon mreraec. the parh of pipetre ,8, whtch » cocucidem wr.h groove £ 

...,,-..»-„,i< for caprurim identifying tnrormatton 
Scanning means is provwed nex. to uu > v 

from encoded indicia on a container positioned on it. 

The anaiv*=r also mclndes a probe arm 17 movable about a third vertteal axts parallel 
,o the Brat «=..' Probe arm 17 supports a downward.y-ex.end.ng open piper.e IS. Tne 

in.eracc.ing both .he cuvette access stanon A and conratner aceess station C. It can move 
3 along rhe arcua.e pa.h in a random fash.on ,o transfer ,i q uid from a conrainer posu.oned o 
lhe rrav a. .he container access srar.on C ro a cuve.re ,0 posirioned on .he .umtab.e a. 
the cuverte acceas station A Tne arcuate path of the piperre ,8 can be vrruaitaed along a 
pro.ee.ive groove 29 fanned a. the exaertor of an enclosure 39 housing the chemtscry 

instrument 24. ^ 1C — 
Tne clinical chemistry analyze: consists of two major components: a cnenns- 

instrument 24 and a controlling workstation 30. 

Tne iicuid-handling components that make up the chemistry instrument _4 

... ' • -? n ^; gs It separates aione a peripheral parang line ; 

housed within enclosure j9 (h:gs. - - - » scj 

defining a lower supporting base 33 and an upper hinged cover 34. 
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Operations required for sample testing of cuvette contents are not carried out in any 
predetermined sequence dictated by insertion of a sample into the chemistry instrument 24. 
Instead, workstation 30 provides random access control to the turntable 11, tray 15 and 
probe arm 17 for selectively transferring liquid from any container on the tray 15 to any ^ 
5 cuvette 10 on the turntable 11 as required by testing requirements. 

A second analytical means, shown as an Ion Specific Electrode (ISE) module 38 of 
conventional design and operation, is included within the chemistry instrument 24. It is 
illustrated generally in Fig. 1 and includes an open entry aperture 9 for reception of pipette 
18. Potentiometric tests may be requested and run by the ISE module 38 simultaneously 
10 with photometric tests being conducted by the optical system 14. 

Pipette 18 is used for transferring liquids between various locations about the 
chemistry instrument. Its lower or outer end is open for receiving or discharging liquids. 

Probe arm 17 is supported and powered by a positioning assembly 19. The 
positioning assembly 19 has two stepper motors - one for imparting rotational motion to 
15 probe arm 17 and one for imparting vertical motion to it. 

A cuvette dispenser module 13 is arranged on the framework of the equipment in 
a position immediately above the turntable 11. It a storage magazine for a plurality of stacks 
of cuvettes 10 inserted through a receiving slot 102. It also includes an apparatus for 
transferring individual cuvettes 10 from a randomly selectable stack within the magazine 75 

20 to a receiving compartment on turntable 11. Used cuvettes 10 are discarded into a 
removable cuvette disposal container (not shown). 

Stepper motor 16 can be operated to index sample/reagent tray 15 to a selected 
position about its axis with one or more selected containers at one of four container access 
stations shown in Fig. 3 at locations C v C 2 , C 3 , C 4 on the equipment framework. Each 

21 container access station intersects the path of pipette 18, which is coincident with groove 29. 

A sample tube entry port 20 is provided on the framework for receiving and 
supporting successive individual draw tubes 27 as they are introduced into the instrument by 
the operator. Its primary use is to permit the taking of aliquots from positively identified, 
sealed patient draw tubes. It can also be used for delivery of control liquids from tubes of 
30 a similar exterior configuration, whether covered or open. Each draw tube 27, of 
conventional design, is sealed by a closure at its upper end. Sample tube entry port 20 
supports each manually inserted draw tube 27 while pipette 18 pierces the closure 162 to 
access liquid sample material from the tube interior. Liquid removal from successive tubes 
27 occurs at a sample access station B along the arcuate path 29. 
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Awash/alignment module 21 is located at a fixed position on the framework. Its first 
purpose is to provide vertical basins within which the lower end surfaces of pipette 18 can 
be flushed clean during or after liquid transfer cycles. It also supports a conductive sensing 
plate that verifies both the radial alignment and elevational position of pipette 18 about the 
5 pipette axis on the probe arm 17 for monitoring alignment of the pipette. These operations 
occur at a wash/alignment station D along the arcuate path 29 of pipette 18. Waste water 
is directed into a container 302. 

Water is supplied to pipette 18 from a syringe module 22 connected to a water supply 
container in a container rack 28. Tubing 23 (Fig, 1) connects syringe module 22 to pipette 

10 18. Tubing 23 contains water that can be moved in opposite directions to receive or 
discharge liquids at the lower end of pipette 18. 

The arrangement of operational stations along the arcuate path of pipette 18 permits 
transfer of liquids from a draw tube 27 at the sample access station B to a well 36 at a 
container access station or C 2 on the sample/reagent tray or from a well 36 to a cuvette 

15 10 at the cuvette access station A on turntable 11. Alternately, pipette 18 can transfer 
sample diluents (buffers) from the reagent bottles 25 at container access stations C 3 or C 4 
on the sample/reagent tray 15 to a well 36 at a container access station Cj or C 2 - In 
addition, it can transfer liquids from one well 36 to another, or from a cup 35 to a well 36 
for dilution purposes at container access stations C± or C^. Direct transfer of reagents from 

20 bottles 25 to cuvettes 10 can also take place at cuvette access station A. A wash or pipette 
alignment procedure can also be periodically accomplished at wash/alignment station D as 
required. 

Tne control system associated with chemistry instrument 24 includes several dedicated 
microprocessors and programmable memory devices. They individually operate the system 

25 components as prioritized by scheduling software residing in the instrument CPU board. The 
workstation 30 includes monitoring means for maintaining a current record of the amount 
of liquid in containers on the sample/reagent tray 15. Controlling software associated with 
the microprocessors causes the mechanical components of the chemistry' instrument 24 to 
cam' out ail operations efficiently and effectively without operator intervention, using a 

50 random seauence of movements dictated by outstanding test requirements. 

Sampled eagent Tray 

Fig. 4 illustrates the positional relationship between the sample/reagent tray 15 and 
the primary components of the chemistry instrument 24 located about the horizontal 
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platform 238 included within the enclosure for the chemistry instrument 24. Details of 
sample/reagent tray 15 are illustrated in Figs. 6-9. 

Fig. 10 illustrates an area of platform 238 forming a recessed well 240 within which 
the tray 15 is rotatably mounted. Well 240 is centered about a fixed vertical support 
5 shaft 241 for the trav 15 and includes a surrounding rim 242. The cross-sectional 
relationships between these elements is best illustrated in the sectional view shown at Fig. 7. 

The illustrated tray 15 is designed to supply reagents to the chemistry instrument 24 
from at least two sizes of conventional reagent bottles 25. Tney are arranged within 

10 concentric rings. Additional sizes of bottles can be accommodated within the tray structure 
by using surrounding adapter sleeves (not shown) that fit properly within receiving tray 
apertures. Bottle labels read by scanners provide bottle size information and reagent 
identification data (regent type, lot number and bottle serial number) to the chemistry 
instrument as needed for monitoring of reagent inventory and life. 

15 The upper end of each reagent bottle 25 is normally covered by a removable 

threaded cap (not shown) when manually delivered to the chemistry instrument 24. A "peel 
and stick" protective cover 239, made from a paper or plastic sheet, is utilized across each 
bottle 25 to prevent contamination and spillage during its usage in the tray 15. Each cover 
239 is slit in an intersecting pattern to facilitate passage of pipette 18 through it while 

zo accessing reagent liquids. 

The cylindrical reagent bottles 25 are tilted from vertical to permit the tip of 
pipette 18 to penetrate the interior of each bottle to a location adjacent to the lowermost 
inclined intersection between the container side and bottom walls. This assures more 
complete removal of liquid from within each reagent bottle 25. 

25 The sample/reagent tray 15 is rotated about its central vertical axis by its engagement 

with a powered driving gear 244 (Tig. 10) that projects into well 240. Gear 244 meshes with 
peripheral gear teeth 243 formed about the exterior of tray 15. It is opera tively powered by 
stepper motor 16 (Fig. 1). 

The circular tray 15 Ls rotatably mounted on the framework for the chemistry 

50 instrument 24 for rotation about a central vertical axis parallel to the axis of the turntable 11. 
Tray 15 can be indexed to any desired angular position about its central axis by operation 
of stepper motor 16. 

Typical configurations :cr the open reagent bottles 25 are illustrated in dashed lines 
in Fig. 7. As seen in Figs. 6 and 7, the base of tray 15 includes two sets of apertures 132 anc 
55 133 suitably sized to receive and support at least two sizes of reagent bottles Zz. Tne 
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apertures also expose the bottom of each bottle 25 for optical viewing of bottom labels 
applied to the bottles. In a preferred form of a reagent identification system, circular labels 
having machine-readable indicia printed on their surfaces are scanned from below tray 15 
while it is stationary-, thus capturing encoded data pertaining to the bottle contents. 

5 Tray 15 includes a central carrying handle 139. Handle 139 facilitates removal of the 

tray 15 and reagent bottles 25 as a unit, as well as any attached ring segments 26. A plurality 
of trays 15 can be interchanged in a chemistry instrument 24 as required for specific test 
purposes. The entire tray 15 can also be removed from the chemistry instrument 24 
overnight and during periods of nonuse. It can then be stored in a refrigerated environment 

10 or under other conditions as required by the nature of reagents supplied in the tray. 

A series of peripheral posts 134 releasably support separable circumferential ring 
segments 26. The ring segments 26 can be attached to tray 15 while it is located within the 
chemistry instrument 24 enclosure or at a loading station external to the illustrated 
equipment. 

15 The individual ring segments 26 shown in Figs. 6, 7 and 9 are either provided with 

integral molded wells 36 or removable cups 35. The ring segments 26 are otherwise 
structurally interchangeable. Each includes radial tabs 135 that fit over the supporting 
posts 134 when the ring segments 26 are assembled about the tray 15. 

To distinguish the two types of ring segments 26. the cuter depending flanges 253 

20 on the cup ring segments are notched, as shown by notch 254 in Fig. 9. Tne nature of a 
particular ring segment 26 is determined by a light sensor 252 located on platform 238 
immediately adjacent to nm 242. Tne outer upright flanges 253 about the ring segments 26 
pass between the elements of the sensor 252. Tne relative positions of these elements is 
illustrated in dashed lines in the sectional view shown in Fig. 7. 

25 Both cups 35 and wells 36 have identical interior volumes and shapes, the' only 

physical difference between them being that the cups 35 are separable from a supporting ring 
segment 26, while the integral wells 36 are not. Cups 35 are less densely arranged about the 
ring segments 26 so as to provide adequate room about them to facilitate manual handling 
of the individual cups as needed. 

Tne functions of cups 35 and wells 36 are designed to be complementary to one 
another. Cups 35 can be added to tray 15 individually or as part of a supporting ring 
segment 26. Weils 36 are always handled as a group. Tne portable cups 35 are available 
only to a human operator for introduction of sample, calibrator, and control liquids. Pipette 
13 never delivers liquids to cups 35. but can deliver liquids available within cups 35 to 

25 cuvettes 10 in turntable 1 1 as required for assay purposes. Weils 36 are available only to the 
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chemistry instrument 24. Pipette 18 can use available wells 36 for aliquotm* of sample 
liquid, for dilution of samples before introduction to the ISE module 38, and for mixing of 
sample liquid with system diluent or a buffer supplied from a bottle 25 on the sample/reagent 
tray 15. 

5 Manual access to the sample/reagent tray 15 is available through the hinged tray 

access cover 8 shown in Figs 2 and 3. Access to the individual ring segments 26 is provided 
by the segment access port 7. While mechanical interlocks can be provided to restrict 
opening of cover 8 and port 7, they are not essential. Sensors (not shown) are provided to 
detect their opening and to alert monitoring software residing in workstation 30 of such 
JO events. 

Indexing of tray 15 is accomplished by a circular notched indexing ring 245 formed 
at its underside, which moves between an optical sensor 246 coupled to workstation 30. A 
reference "home" angular position of tray 15 about the vertical axis of shaft 241 is 
determined by a projecting index tab 247 at the bottom of tray 15, which is detected by an 

15 optical sensor 248 within well 240. The relative positions of these elements is also illustrated 
in dashed lines in Fig. 7. 

A pair of optical scanner ports 250 are located in the base of well 240 directlv under 
the two circular paths of reagent bottles 25 supported by tray 15. Scanning devices under 
the ports 250 are provided to read encoded end labels attached to each reagent bottle 25. 

ZG Information on the labels, read through openings under each bottle 25, might relate to 
reagent identification, lot numbers and reagent aging information. 

A line-of-sight optical sensor 256 is arranged across rim 242 for sensing the presence 
of the removable cups 35 in the ring segments 26. The relative positions of these elements 
is also illustrated in dashed lines in the sectional view shown in Fig. 7. By combining tray 

25 indexing information, segment identification information and cup presence information 
together with liquid transfer data, workstation 30 can maintain an accurate inventory of the 
cups 35 and wells 36 available for use with respect to tests being conducted on the chemistry 
instrument 24. 

A conductive metal plate 258 is fixed within well 240 under the circular paths of the 
0 reagent bottles 25. The upper surface of plate 258 is spaced from, but in close proximity to, 
the exposed bottom surfaces of the reagent bottles 25 (Fig. 7). Similarly, a conductive metal 
plate 260 is fixed across the upper surface of nm 242. It includes ribs 261 in ciose proximity 
alongside cups 35 and wells 36 within the ring segments 26. Plate 25S is used for capacitive 
sensing of liquid level within the reagent bottles 25 as iiquid within them is approached by 
5 the descending Dinette 18. Plate 260 performs the same functions with resnect to liquid level 
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•.erring within cups 35 and wells 36. The liquid level sensing mechanism including these 
elements is described below. 

Reagent Bottle Identification 

Machine-readable identifying information is encoded at the bottom of each reagent 
bottle 25 upon a printed label 325 detailed in Figs. 11 and 12. The label can be secured to 
the circular bottom surface of the reagent bottle 25 by any suitable adhesive system. 

Each label 325 preferably has a Light surface background on which a contrasting 
pattern of dots are imprinted. While circular dots are illustrated in Fig. 11, other suitable 
dot shapes can be used as well. 

The label pattern shown in Fig. 1 1 includes every possible dot location in the present 
encoding pattern. It is to be understood that the encoded pattern identifying a specific 
reagent bottle will display a unique arrangement of both dots and blank areas where the dots 
are now illustrated, the pattern being dependent upon the digital code representative of the 
encoded data. The code utilized on the labels 325 is a multi-bit binary code representing an 
identification code for a specific reagent bottle. 

Identification label 325 includes a spaced pair of position reference dots 326 and 327 
which define and orient a label area. Position reference dot 326 is a central position dot, 
designating the approximate center of the reagent bottle bottom surface. Position reference 
dot 32" is an orientation dot which is located radially outward from central position dot 326 
to define a label orientation. 

The label area is divided into a plurality of bit fields whose positions are defined bv 
position reference dots 326 and 32". Each bit field maps to a single bit of the multi-bit 
binary bottle identification code. Tne binary value of each bit of the multi-bit binarv 
identification code is determined by whether a bit dot 32S is present within the mapped bit 
field. 

In general, position reference dots 326 and 32" have a minimum area and the bit 
dots 32S have a maximum area. Tne minimum area of position reference dots 326 and 32" 
is greater than the maximum area of bit dots 32S so that position reference dots 326 and 32" 
can be easily distinguished from bit dots 32S. In the preferred embodiment, position 
rererence dots 326 and 327 have a diameter of about 0.0547 Bit dots 32S have a diameter 
of about 0.0347 

Tne coniiguraticn described above produces a patten of 45 dots that can be 
etiectiveiy imprinted within a label area having a diameter of one half inch. Position 
rererence dot 326 identifies the center of the pattern. Position reference dot 32" is located 
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at the nm of the pattern as an angular index. The label data is encoded by smaller bit 
dots 32S. The bit dots 323 are spaced on approximately 0.T centers. 

Tne mapping of bit fields to binary code bits is indicated in Fig. 12. The bit dots 
designated by the digits 0-6 encode seven check bits. The label information is encoded by 
the bit dots designated by the digits 7-43, with dot 7 being the least significant bit Tne forty- 
three illustrated bit dots 32S provide forty-three bits of binary data, which is sufficient to 
encode eleven decimal digits. 

A conventional Hamming error detectiori/correction code can be used to encode the 
label information. Seven check bits are computed from the data bits and form a part of the 
label pattern. When the label is read, the encoding of the check bits allows the detection 
and correction of an error in any one of the bit locations about the label 325. Any single 
bit may be in error, but the encoded information on the label 325 can still be recognized 
correctly. If errors exist at any two bit locations, the existence of an error will be detected, 
but the information on the label cannot be decoded. If errors exist in more than two bits, 
the resulting information will be unpredictable. 

The equipment for reading information encoded on labels 325 is diagrammaticaliy 
illustrated in Fig. 13. Each reagent bottle 25 is held within the sample/reagent tray 15 at a 
location above the horizontal surface of well 240. Each label 325 can be indexed over one 
of the optical scanner ports 250 for label reading purposes. Tne optical scanner ports 250 
each include a circular filter 330 that blocks entrance of room light while permitting passage 
of illuminating light directed to the label 325 from a location under the port 250. 

The information encoded on labels 325 is read by a camera 332 in response tc 
reflected light provided by a circumferential ring of light emitting diodes 334 directed toward 
the bottom surface of a reagent bottle 25. Camera 332, which is essentially a video camera, 
includes a lens system 335 positioned behind the ring of diodes 334. Lens svstem 335 focuses 
light from the bottom of reagent bottle 25 onto a receiving scanning matrix 336 of image 
sensors. In the illustrated example, the matrix 336 has a 192x165 pixel area cacable of 
discriminating between the above-identified dot array. 

Tne camera 332 conveys digital information to controller 312 from which a digitized 
image of the bottom of each reagent bottle 25 can be stored in memory. This image can 
then be electronically "rotated" about the center dot 326 and indexed relative to the rim 
dot 32~ to orient bit dots 323 for electronic analysis. The electronic functions required in 
such an analysis are beiieved to be well-known in image-analyzing technology today. Nc 
runner details are necessary in order to enabie those skilled in this area of technology' to 
construct and successfully use the described scanning annaratus and associated labels. 


11 

The unique labeling scheme described above allows for simple and quick decoding 
of reagent bottle identification data. Once the label has been oriented properly and broken 
into bit fields, only the presence or absence of a dot in that bit field need be determined. 
This is in contrast to many other types of labeling schemes in which indicia size or spacing 
is variable to represent coded information. In the scheme of this invention, all bit dot sizes 
and all spacing between bit dots remain constant, making for much simpler detection and 
decoding. Simple thresholding can be used within each bit field to detect whether a dot is 
present of sufficient area to constitute a bit doL 
Reagent Monitoring 
Overview 

The purpose of reagent monitoring is to warn the operator when a reagent within 
a particular bottle 25 has been in use too long. Where two chemistry instruments 24 are 
used in tandem with a common workstation 30, each instrument tracks the age and volume 
of one working bottle for each reagent defined in its data base. The age of the working 
bottle is maintained in the memory of the instrument 24 even when it is removed from it for 
overnight storage of other purposes. 

This description pertains to the manner by which the chemistry instrument 24 
manages the sample/reagent tray 15. It describes the way in which the working bottles 25 
of reagent and the working lifetimes of their reagent contents are tracked, how the 
instrument decides when a new bottle is to be used, and how reagent lot number changes 
are handled. It describes how the system reacts when the tray access cover 8 is opened. It 
further describes the activities of the system when a reagent bottle 25 is found to contain less 
reagent than is required for a requisitioned assay. 

The chemistry instrument 24 shown in the drawings includes a sample/reagent tray 
15 having room for forty reagent bottles 25. As one example, these might be twenty, large 
(30 ml) bottles and twenty small (12 ml) ones. The tray 15 can be accessed by manually 
opening the hinged tray access cover S. Cover 8 is provided with a sensor so that the 
controller system will be provided with a signal indicating whenever the reagent bottles 25 
might have been disturbed. 

Sample/reagent tray controller 312 will operate the motor 16 and the electronics 
associated with optical scanner ports 250 to read the labels at the bottom of everv reagent 
bottle 25 at the conclusion of any operation requiring tray access cover 8 to have been 
opened. This information is used by the software to update stored data pertaining to their 
reagent identifications, lot codes, and serial numbers. 
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Trie volume in each reagent bottle 25 accessed by pipette 18 is measured each time 
that the instrument uses a reagent. This is done by using the pipette's fluid sensing capability 
to detect the elevation of liquid, which is then related to the interior volume of the bottle 
by using stored information relating to the bottle size. 
5 The logic system associated with sample/reagent tray 15 supports a mode of operation 

wherein two bottles 25 of each reagent can be on the tray 15 at any given time. When the 
working bottle 25 is emptied, the instrument 24 will then start loading from the reserve 
bottle. 

Any secondary or non-working bottles of reagents are also timed while in the tray 

JO 15. However, since they are not in use, their respective liquid volumes are not tracked. 
They are tracked by their positions within tray 15 only. Tneir age is not maintained in the 
instrument's memory if they are removed. It is possible to remove the tray 15 after the 
instrument 24 has been turned off and subsequently replace it before powering up the 
instrument 24 again. In this case, all of the bottles' ages will be maintained in memory. 

15 Once introduced into the chemistry instrument 24, the contents of a primary reagent 

bottle 25 will continue to be used by it until the bottle is empty or is removed by an 
operator. When a bottle 25 containing reagent is first introduced into the chemistry 
instrument 24 in the tray 15, the controlling logic will assume it to be freshly reconstituted. 
A working expiration time will be established for it at such introduction. The number of 

20 hours remaining before expiration is available for display as needed on the monitor 31. If 
a reagent bottle 25 remains in the system beyond this time, the operator will be warned by 
an appropriate display message and the contents of the bottle will be "marked" as being 
expired on a status screen. 
Reagent Definition Data Base 

25 A reagent definition data base resides in disk memory provided with workstation 30 

in the form of a shared data file (information common to two chemistry instruments 24) and 
one or more ins tram en t -specific data files. 

Tne shared data file defines the characteristics of each reagent. This includes the 
name, bottle identification. Quid type and working lifetime. The data pertaining to working 

30 lifetime is set up by the operator. Tie working lifetime is defined as the length of time 
during which the reagent within a bottle 25 is considered functionally usable from the time 
a new bottle is opened or reconstituted. Tne bottle identification is a number encoded into 
a machine-readable bottle label. Tne identification data captured by the bottle labe: 
scanning equipment also encodes the size and shape of the bottles. Ranges of identification 
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values are reserved for particular bottle types. Captured information pertaining to fluid type 
is used by the operator interface in workstation 30 to generate appropriate choice lists. 

The instrument-specific data base stores the status of each working reaeent bottle 
25, including working lot number, serial number, expiration time and volume. This data is 
5 stored in a non-volatile fashion so as to maintain data concerning each working reagent 
bottle even when it has been removed from the system or during periods when power has 
been lost. The volume remaining in each working reagent bottle is updated each time the 
bottle is used. 

Sample/Reapent Trav Status Data 
10 Each instrument CPU board maintains the data pertaining to the status of the bottles 

25 in each tray position in non-volatile random access memory. For each position in the tray, 
the system stores the type of reagent as well as its lot code and serial number, plus the 
volume, working expiration time and status of the container in question. A special software 
Gag is set when the tray access cover 8 is opened or after power interruption, and cleared 
15 when the label on each bottle 25 within tray 15 is subsequently read by the scanning devices 
under optical scanner ports 250. When it is set, the prior data concerning the bottles is not 
totally invalid, since it represents the state of the bottle before the event. 

Data is maintained in the instrument 24 as to whether or not each reagent is required 
by waiting, on-hold and active instrument workload. Tnis is maintained by a background 
20 status update task in the instrument CPU board, so that it is continually updated. This data 
is used by the reagent status screen to show which reagents are required bv the workload. 
Tnis can also be used by an operator to do requirements checking through workstation 30 
to warn for insufficient reagent. 
Fluid Transfers From Reaeent Bottles 
25 Fluid transfers involving reagent bottles 25 are always done from working or primary 

bottles of a reagent. The working bottle is recognized by its label information. Tne system 
supports having multiple bottles of each reagent, one designated by the instrument as a 
working bottle and the others as reserve bottles. When the working bottle becomes empty 
a reserve bottle becomes the new working bottle. 
*° Proper operation of the chemistry instrument 24 does not permit liquid to be added 

to a working bottle. A bottle will be rejected if its liquid volume has increased above a 
specified minimum amount since it was last accessed by probe IS. It is assumed that an 
operator might open the cover, pour seme of the working reaeent from a particular reagent 
bottle 25, and then return the reagent bottle to sample/reagent tray 15. Such activity can 
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be accommodated by the controlling software, since it is presumed that removal of liquid 
from a reagent bottle 25 will not contaminate its content, whereas addition of liquid to it will. 

Every 7 time a liquid transfer is to be made from a bottle 25, the working bottle must 
be identified or selected from a set of reserve bottles. When the transfer is started, a liquid 
5 transfer module controller is provided with data containing limits within which the volume 
in the appropriate working bottle should be found If the liquid transfer module controller 
finds the volume within the identified reagent bottle 25 to be short or outside the limits, it 
aborts the transfer, discards any received liquid in the pipette 18 and communicates data 
relating to the measured volume to the instrument CPU board. 
10 If no working bottle for a needed reagent can be identified by the software, a new 

working bottle must be selected. The reserve bottles of reagent are each marked in memory 
with a time of appearance on the tray 15. The oldest reserve bottle then becomes the next 
working bottle. If more than one reserve bottle is marked in memory with the same time 
of appearance, the one with the lowest numbered tray position will be arbitrarily selected. 

15 

The above rules are only followed for the lot number currently in use. If more than 
one lot of reagent is present, the working reagent bottle 25 will be chosen from the bottles 
of the working lot number. All bottles of other lots are considered reserve bottles. 

The capacitive sensing system for detecting Quid levels within the instrument 24 is 
20 utilized to capture reagent volume information for each working bottle of reagent on a real- 
time basis during all operations. As pipette 18 is lowered into a reagent bottle 25, it is 
stopped by,operation of the liquid transfer module controller when the liquid surface within 
the bottle is sensed. Tne liquid transfer module controller has data relating to the bottle 
identification, which implies the bottle's diameter and dead volume. The volume of reagent 
25 within the bottle 25 is then deduced by the liquid transfer module controller from the height 
of the pipette tip. 

Each time a reagent bottle 25 is probed by pipette 18, the stored data relating to the 
volume of reagent remaining within it is verified and updated, if necessary. The liquid 
transfer module controller communicates data with respect to the volume of reagent in the 
30 reagent bottle 25 back to the instrument CPU board in microliters, excluding the dead 
volume. If a transfer was performed from the reagent bottle 25, the reported volume is 
corrected for the volume of reagent removed. 

Tne instrument CPU board is aiso programmed to respond to unexpected volumes 
of reagent measured by the probing action of pipette IS. When a fluid transfer from a 
35 reaeent bottle 25 is oerformed, the liquid transfer module controller calculates the hish and 
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low limits to the acceptable volume that should be within the selected bottle. The software 
allows for a predetermined volume measurement error tolerance. If the tray access cover 
8 has not been opened since the last time that the selected bottle 25 was probed, the volume 
of reagent within it should not deviate from the last-measured volume by more than the 
5 tolerance in either direction. If it does, this is reported as a warning to the operator. The 
operator's normal course of action in this case is to go to diagnostics. 

If the tray access cover 8 has been opened since the last time the selected working 
reagent bottle 25 was probed, the instrument 24 will expect the volume of reagent within 
each reagent bottle 25 to be between the last volume (plus tolerance) and zero. If the 
measured volume of reagent within a probed bottle 25 is found to be too great, use of the 
bottle is not allowed. This guards against use of bottle contents that might have been 
accidently or purposefully contaminated or diluted during their use in the instrument. 

The instrument 24 is programmed to respond to data indicating that the volume of 
reagent in a working bottle is short of that required for a requisitioned assay or test. Each 
time that such a reagent bottle 25 is probed, the liquid transfer module controller will report 
that its liquid content is empty. This is reported to the operator by a message on 
monitor 31. 

If a reagent bottle 25 is found short during a fluid transfer, the contents of the probe 
are discarded, and the run being loaded is canceled. If other reagent bottles 25 of this type 
are on the tray, a new working bottle is selected and the run is rescheduled. Otherwise, the 
run is put on hold. 

When the instrument CPU board is re-initialized, it assumes that power has been 
removed from the chemistry instrument 24. Since the tray access cover 8 might have been 
opened while power was removed, the system behaves as if the cover 8 has been opened. 
The instrument CPU board is capable of continuing to monitor the sensors that" -detect 
opening of cover 8 while carrying out diagnostic procedures, so the tray 15 is only scanned 
as necessary after diagnostics. 

Every- time the cover S has been opened, each reagent bottle 25 is marked in the 
controlling software as requiring reading of its label. This causes the bottle label to be read. 
When the cover 8 is again closed, the system scans the sample/reagent tray 15 to read all the 
bottle labels. Tne system remembers the tray status in memory until the new status is figured 
out completely. Thus, if the system is reset during a scan, the previous data is not lost. If 
power is lost while a new status is being written, the system starts a new scan. 

When a reagent bottle 25 is recognized as a new working bottle, the working bottle 
expiration time is updated in the reagent data base. If a test uses an external reagent blank. 
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a new blank value is stored when a new bottle is started for any reagent involved in the test's 
load sequence. The scheduling software within the instrument CPU board will then load an 
external reagent blank cuvette for the first run of turntable 11 scheduled using the new 
reagent bottle 25. 

If a patient or quality control test run is being loaded onto the turntable 1 1 and an 
external reagent blank has been loaded from a working reagent bottle, but a new bottle is 
started before the reaction cuvette for the test has been loaded, the test run must be 
rescheduled by the controlling software. Both the external reagent blank and the reaction 
cuvette must be loaded using reagent from the same reagent bottle 25. 

Bottles 25 containing reagent of a lot other than the working lot are ignored until 
the system has no choice but to pick a new working reagent from them. A new working 
reagent is then selected from them by using the oldest appearance time or the lowest tray 
position, if the times are equal. 

The system requires a test to be calibrated before running a patient or quality control 
test from a new lot. When a new working reagent must be selected, and all of the choices 
are from a new lot, the test is marked as requiring calibration. If a calibration request is 
waiting, a working bottle is selected and the calibration is scheduled. 

The invention has been described in language more or less specific as to methodical 
features. It is to be understood, however, that the invention is not limited to the specific 
features described, since the means herein disclosed comprise preferred forms of putting the 
invention into effect. The invention is. therefore, claimed in any of its forms or 
modifications within the proper scope of the appended claims. 
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CLAIMS 

1. An automatic chemical analyzer which utilizes reagents supplied in reagent 
bottles, wherein the reagent bottles have a bottom surface bearing a machine-readable 
identification code, the automatic chemical analyzer comprising: 

5 a reagent tray having a plurality' of tray apertures therein which receive coded 

reagent bottles and which expose the bottom surface of each bottle for optical viewing of 
the machine-readable identification code; 

optical scanner means positioned below the reagent tray for reading the machine- 
readable identification code on the bottom surfaces of reagent bottles within the tray 
10 apertures; and 

indexing means for selectively locating a tray aperture over the optical scanner means. 

2. The automatic chemical analyzer of claim 1. further comprising: 
tracking means for monitoring the position of individual reagent bottles within the 

75 reagent tray. 

3. The automatic chemical analyzer of claim 1, further comprising: 
tracking means for monitoring the position of individual reagent bottles within the 

reagent tray and for calculating the age and volume of reagent remaining within the reagent 
20 bottles. 

4. Tne automatic chemical analyzer of claim 1, further comprising: 
tracking means for monitoring the position of individual reagent bottles within the 

reagent tray and for calculating the age and volume of reagent remaining within the reagent 
25 bottles; and 

warning means for prompting an operator upon expiration of the contents of a 
reagent bottle. 

5. The automatic chemical analyzer of claim 1. further comprising: 

30 memorv means for storine the identification code from each reagent bottle, the 

location of each reagent bottle within the reagent tray, and reagent status ror each reagent 
bottle; 

tracking means for monitoring the position of individual reagent bottles within the 
reagent tray and for calculating the age and vciume of reagent remaining within the reagent 
5: bottles: and 
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warning means for prompting an operator upon expiration of the contents of a 
reagent bottle. 

6. The automatic chemical analyzer of claim 1, further comprisine: 

memory means for storing the identification code from each reagent bottle, the 

location of each reagent bottle within the reagent tray, and reagent status for each reagent 

bottle; 

tracking means for monitoring the position of individual reagent bottles within the 
reagent tray and for calculating the age and volume of reagent remaining within the reagent 
bottles; 

level sensing means for measuring the actual volume of reagent within a reagent 

bottle; 

warning means for prompting an operator upon expiration of the contents of a 
reagent bottle. 

7. The automatic chemical analyzer of claim 1, wherein the machine-readable 
code is a multi-bit binary code, the automatic chemical analyzer further comprising: 

means connected to the optical scanner for detecting the position of a spaced pair 
of position reference dots on the bottom surface of the reagent bottle that define and orient 
a label area on the reagent bottle bottom surface; 

means for dividing the label area into a plurality of bit fields, the position of the bit 
fields being defined by the position reference dots; 

means for detecting whether a bit dot is present within each bit field; and 

means for mapping the bit dots from each bit field to a single bit of the multi-bit 
binary code to determine the binary value of each bit of the multi-bit binarv code. 

S. Tne automatic chemical analyzer of claim 1, the optical scanner means 
comprising: 

an image sensor focused on the bottom surface of a reagent bottle; and 
a ring of light-emitting diodes around the image sensor, the light-emitting diodes 
being directed toward the bottom surface of the reagent bottle. 

9. The automatic chemical analyzer of reagent bottle of claim 1. wherein the 
multi-bit binary* identification code specines the reagent bottle size and identifies the reagent 
within the bottle. 
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10. A method of labeling a reagent bottle with a bottle identification code for 
subsequent identification of the bottle identification code by an automated chemical analyzer, 
the method comprising the following steps: 

printing a spaced pair of position reference dots on the bottom surface of the bottle 
5 to define and orient a label area; 

dividing the label area into a plurality of bit fields, the position of the bit fields being 
defined by the position reference dots; 

generating a multi-bit binary code which represents the bottle identification code; 
mapping each bit field to a single bit of the multi-bit binary code; and 
10 printing bit dots within selected bit fields depending upon the binary value of the 

mapped bit of the multi-bit binary code. 

11. The method of claim 10, wherein the step of printing the position reference 
dots comprises the following steps: 

15 printing a central position dot at the approximate center of the reagent bottle bottom 

surface; and 

printing an orientation dot radially outward from the central position dot. 


12. The method of claim 10. wherein the step of printing the position reference 
20 dots comprises the following steps: 

printing a centrai position dot at the approximate center of the reagent bottle bottom 
surface; and 

printing an orientation dot radially outward from the central position dot; 
wherein the position reference dots have a minimum area and the bit dots have a 
25 maximum area, the minimum area of the position reference dots being greater than the 
maximum area of the bit dots, the position reference dots being distinguished from the bit 
dots by their relatively greater areas. 


13. The method of ciaim 10. wherein the multi-bit binary code includes a plurality 
30 of check bits. 


14. Tne method of ciaim 10. wherein the multi-bit binary code specines the 
reagent bottle size and senai number and identifies the reagent within the bottle. 
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15. A method of identifying a reagent bottle, the reagent bottle being 
characterized by a multi-bit binary code, the method comprising the following steps: 

detecting the position of a spaced pair of position reference dots on the bottom 

surface of the reagent bottle that define and orient a label area; 
5 dividing the label area into a plurality of bit fields, the position of the bit fields being 

defined by the position reference dots; 

detecting whether a bit dot is present within each bit field; and 

mapping the bit dots from each bit field to a single bit of the multi-bit binary- code 

to determine the binary- value of each bit of the multi-bit binary code. 

10 

16. The method of claim 15, wherein the step of detecting the position of the 
position reference dots comprises the following steps: 

detecting the position of a central position dot located at the approximate center of 
the reagent bottle bottom surface; and 
IS detecting the position of an orientation dot located radially outward from the central 

position dot. 

17. The method of claim 15, wherein- the step of detecting the position of the 
position reference dots comprises the following steps: 

20 detecting the position of a central position dot located at the approximate center of 

the reagent bottle bottom surface; and 

detecting the position of an orientation dot located radially outward from the central 
position dot; 

wherein the position reference dots have a minimum area and the bit dots have a 
25 maximum area, the minimum area of the position reference dots being greater than the 
maximum area of the bit dots, the position reference dots being distinguished from the bit 
dots by their relatively greater areas. 

18. Tne method of claim 15, wherein the multi-bit binary code includes a plurality 
30 of check bits. 


19. Tne method of claim 15, wherein the multi-bit binary code specifies the 
reaeem bottle size and serial number and identifies the reagent within the bottle. 
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20. An identification label comprising: 

a spaced pair of position reference dots defining and orienting a label area; 
a plurality' of bit fields surrounding the position reference dots, the position of the 
bit fields being defined by the position reference dots; 
bit dots in selected bit fields; and 

wherein each bit field maps to a single bit of a multi-bit binary identification code, 
the binary value of each bit of the multi-bit binary identification code being determined by 
whether a bit dot is present in the mapped bit field. 

21. The identification label of claim 20, wherein the spaced pair of reference dots 
comprises: 

a central position dot located at the approximate center of the reagent bottle bottom 
surface; and 

an orientation dot located radially outward from the central position dot. 

22. The identification label of claim 20, wherein the spaced pair of position 
reference dots comprises: 

a central position dot located at the approximate center of the reagent bottle bottom 
surface; and 

an orientation dot located radially outward from the central position dot; 

wherein the position reference dots have a minimum area and the bit dots have a 
maximum area, the minimum area of the position reference dots being greater than the 
maximum area of the bit dots, the position reference dots being distinguished from the bit 
dots by their relatively greater areas. 

23. Tne identification label of claim 20. wherein the multi-bit binary code includes 
a plurality of check bits. 

24. Tne identification label cf claim 20. wherein the multi-bit binary code 
specifies the reagent bottle size and serial number and identifies the reagent within the 
bottle. 

25. A reagent bottle which is identified by an identification label, the label 
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a spaced pair of position reference dots on the bottom surface of the reagent bottle, 
the position reference dots defining and orienting a label area; 

a plurality of bit fields surrounding the position reference dots, the position of the 
bit fields being defined by the position reference dots; and 

bit dots in selected bit fields; 

wherein each bit field maps to a single bit of the multi-bit binary identification code, 
the binary value of each bit of the multi-bit binary identification code being determined by 
whether a bit dot is present in the mapped bit field. 

26. The reagent bottle of claim 25, wherein the spaced pair of reference dots 
comprises: 

a central position dot located at the approximate center of the reagent bottle bottom 
surface; and 

an orientation dot located radially outward from the central position dot. 

27. The reagent bottle of claim 25, wherein the spaced pair of position reference 
dots comprises: 

a central position dot located at the approximate center of the reagent bottle bottom 
surface; and 

an orientation dot located radially outward from the central position dot; 

wherein the position reference dots have a minimum area and the bit dots have a 
maximum area, the minimum area of the position reference dots being greater than the 
maximum area of the bit dots, the position reference dots being distinguished from the bit 
dots by their relatively greater areas. 

28. The reagent bottle of claim 25, wherein the multi-bit binary 7 code includes a 
plurality of check bits. 

29. The reagent bottle of claim 25, wherein the multi-bit binary code specifies the 
reagent bottle size and serial number and identifies the reagent within the bottle. 
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AMENDED CLAIMS 

[received by the International Bureau on 8 November 1993 (08.11 9")- 
original claims 1-29 replaced by amended claims 1-21 (5 oaoesYf 

1. An automatic chemicai analyzer which utilizes reagents supplied in reaeent 
bottles (25) having a bottom surface bearing a machine-readable identification code the 
automatic chemicai analyzer including: 
5 a reagent tray (15) having a plurality of tray apertures (132, 133) therein which 

receive coded reagent bottles (25) and which expose the bottom surface of each bottle (25 ) 
for optical viewing of a machine-readable identification code that is a multi-bit binary code; 

optical scanner means (250, 332) positioned below the reagent tray (15) for reading 
the machine-readable identification code on the bottom surfaces of reaeent bottles (25) 
JO within the tray apertures (132, 133); 

indexing means (245, 246) for selectively locating a tray aperture (132, 133) over the 
optical scanner means (250, 332); 

the automatic chemical analyzer being characterized by: 

means (312) connected to the optical scanner means (250, 332) for detecting the 
15 position of a spaced pair of position reference dots (326, 327) on the bottom surface of the 
reagent bottle (25) that define and orient a label area on the reagent bottle bottom surface; 

means (312) for dividing the label area into a plurality of bit fields, the position of 
the bit fields being defined by the position reference dots (326, 327); 

means (312) for detecting whether a bit dot (328) is present within each bit field; and 
20 means (312) for mapping the bit dots (32S) from each bit field to a single bit of the 

multi-bit binary code to determine the binary value of each bit of the multi-bit binary code. 


2. A method of labeling a reagent bottle (25) with a bottle identification code 
for subsequent identification of the bottle identification code by an automated chemical 
25 analyzer characterized by the following steps: 

printing a spaced pair of position reference dots (326. 327) on the bottom surface 
of the bottle (25) to define and orient a label area: 

dividing the label area into a plurality of bit fields, the position of the bit fields being 
defined by the position reference dots (326, 32 7 ); 
30 generating a multi-bit binary code which represents the bottle identification code: 

mapping each bit field to a single bit of the multi-bit binary code: and 

pontine bit dots (32S) within selected bit fields depending upon the binary- vaiue of 
the maDDed bit of the multi-bit binar*' code. 
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3. The method of claim 2, wherein the step of printing the position reference 
dots (326, 327) is further characterized by the following steps: 

printing a central position dot (326) at the approximate center of the reagent bottle 
bottom surface; and 

5 printing an orientation dot (327) radially outward from the central position dot. 

4. The method of claims 2 or 3 further characterized by the position reference 
dots (326, 327) having a minimum area and the bit dots (32S) having a maximum area, the 
minimum area of the position reference dots (326, 327) being greater than the maximum 

10 area of the bit dots (32S), the position reference dots ('326, 327) being distinguished from 
the bit dots (328) by their relatively greater areas. 

5. The method of claims 2-4 further characterized by the multi-bit binary' code 
including a plurality of check bits. 
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6. The method of claims 2-5 further characterized by the multi-bit binary code 
specifying the reagent bottle size and serial number and identifying the reagent within the 
bottle (25). 


™ 7. A method of identifying a reagent bottle (25) by use of a multi-bit binary 

code, the method being characterized by the following steps: 

detecting the position of a spaced pair of position reference dots (326, 327) on the 
bottom surface of the reagent bottle (25) that define and orient a label area: 

dividing the label area into a plurality- of bit fields, the position of the bit fields being 
25 defined by the position reference dots (326, 327); 

detecting whether a bit dot (328) is present within each bit field: and 
mapping the bit dots (328) from each bit field to a single bit of the multi-bit binary 
code to determine the binary value of each bit of the multi-bit binary code. 


50 8. The method of claim 7, wherein the step of detecting the position of the — 

position reference dots (326. 327) is further characterized by the following steps: 

detecting the position of a central position dot (326) located at the approximate 
center of the reagent bottle bottom surface; and — 
detecting the position of an orientation dot (327) located radially outward from the 
55 central position dot. — 

« j 
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9. The method of claims 7 or 8, further characterized by the position reference 
dots (326, 327) having a minimum area and the bit dots (328) having a maximum area, the 
minimum area of the position reference dots (326, 327) being greater than the maximum 
area of the bit dots (328), the position reference dots (326, 327) being distinguished from 

5 the bit dots (328) by their relatively greater areas. 

10. The method of claims 7-9, further characterized by the multi-bit binary code 
including a plurality of check bits. 

JO 11. The method of claims 7-10, further characterized by the multi-bit binary code 

specifying the reagent bottle (25) size and serial number and identifying the reagent within 
the bottle (25). 

12. An identification label (325) characterized by: 

15 a spaced pair of position reference dots (326, 327) defining and orienting a label 

area; 

a plurality of bit fields surrounding the position reference dots (326, 327), the 
position of the bit Gelds being defined by the position reference dots (326, 327); 
bit dots (328) in selected bit fields; and 
20 wherein each bit field maps to a single bit of a multi-bit binary identification code, 

the binary value of each bit of the multi-bit binary identification code being determined bv 
whether a bit dot (328) is present in the mapped bit field. 

13. The identification label ( 325 ) of claim 12. further characterized bv the spaced 
25 pair of reference dots (326, 327) comprising: 

a central position dot (326) located at the approximate center of the reagent bottle 
bottom surface; and 

an orientation dot (327) located radially outward from the central position dot (326V 

30 14. The identification label (325) of claims 12 or 13, further characterized by the 

position reference dots (326, 327) having a minimum area and the bit dots (328) having a 
maximum area, the minimum area of the position reference dots (326. 327) being greater 
than the maximum area of the bit dots (32S), the position reference dots (326. 327) being 
distinguished from the bit dots (328) by their relatively greater areas. 
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15. The identification label ( 325 ) of claims 12-14, further characterized by the 
multi-bit binary code including a plurality of check bits. 

16. The identification label (325 ) of claims 12-15, further characterized by the 

5 multi-bit binary code specifying the reagent bottle size and serial number and identifying the _Z 
reagent within the bottle (25). . ^ 

17. A reagent bottle (25) which is identified by an identification label (325), the 
label being characterized by: 

jo a spaced pair of position reference dots (326, 327) on the bottom surface of the 

reagent bottle, the position reference dots (326, 327) defining and orienting a 1 
label area; 

a plurality of bit fields surrounding the position reference dots (326, 327), the 
position of the bit fields being defined by the position reference dots (326, 327); and 
75 bit dots (328) in selected bit fields; 

wherein each bit field maps to a single bit of the multi-bit binary identification code, 
the binary value of each bit of the multi-bit binary identification code being determined by 
whether a bit dot (328) is present in the mapped bit field. 

20 18. The reagent bottle (25) of claim 17, wherein the spaced pair of position 

reference dots (326, 327) is further characterized by: 

a central position dot (326) located at the approximate center of the reagent bottle 
bottom surface: and 

an orientation dot (327) located radially outward from the central position dot. 

25 

19. The reagent bottle (25 ) of claims 17 or IS further characterized by the 
position reference dots (326, 327) having a minimum area and the bit dots (328) having a 
maximum area, the minimum area of the position reference dots (326, 327) being greater 
than the maximum area of the bit dots (328), the position reference dots (326, 327) being 

30 distinguished from the bit dots (328) by their relatively greater areas. 

20. Tne reaeent bottle (25) of claims 17-19. further characterized by the multi-bit 
binarv code including a plurality of check bits. 
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21. The reagent bottle (25) of claims 17-20, further characterized by the multi-bit 
binary code specifying the reagent bottle size and serial number and identifying the reagent 
within the bottle (25). 
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10 STATEMENT UNDER ARTICLE 19 

New claims 1-21 are presented for substitution in this application. Thev are contained 
on Pages 17 through 21. A new copy of Page 22 is also included for substitution purposes. 
It contains the original Abstract on a renumbered page at the conclusion of the amended 
15 claims. 

Claims 1-21 correspond respectively to original claims 7 and 10-29. Claim 1 is an 
independent presentation of the limitations set out in original claim 7. Claims 2-21 
correspond respectively to original claims 10-29. Many of the dependent claims now are 
dependent from multiple claims preceding them. 
20 The application as now amended is believed to have unity of invention, since all of 

the claims are directed to the invention identified as Group 2 as specified in the 
International Search Report and in Form PCT/IS A/206 mailed 11.05.93. 

Newiy presented claims 1-21 are amended to reorganize the claims in the form 
described in Rule 6.3(b) and to include reference signs relating to the features of the 
25 drawings as provided in Rule 6.2(b). Claims 4, 9, 14, and 19 have been amended to delete 
duplicative statements presented in the claims immediately preceding each of them. 

Tne amendments to the claims are not believed to have any impact on the description 
and drawings of the application as filed. Tney are fully supported by the description and 
drawings. 
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